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A Short and Highly Stereoselective Synthesis of Cerebrosterol

ZHANG, Dong-Hui®(7k 4 #)

ZHOU, Xiang-Dong® (& 1 %)

ZHOU, Wei-Shan*'*(F # #)

* Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences , Shanghai 200032, China
b Department of Chemistry, The Third Military Medical University , Chongging 400038, China

The title compound, cerebrosterol, has been synthesized in five
steps with 61.5% overall yield and >99.9% de from 3a, 6a-
dimethoxymethoxyl-5-cholane-24-al as a key intermediate,
which was prepared from methyl 3a , 6a-dihydroxy hyodeoxy-
cholanate
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Cerebrosterol (24 S-hydroxycholesterol, 1) formed
in small amounts in human and animal brain' from choles-
terol is important for cholesterol homeostasis in this organ.
The excess cholesterol is converted into 24 S-hydroxy-
cholesterol by a unique brain-specific 24 S-hydroxylase,
which could be readily secreted from the central nervous
system into the plasma and be taken up by the liver and
further metabolized.? Alzheimer’ s disease (AD) and vas-
cular demented patients appear to have higher circulating
levels of cerebrosterol. It is speculated that cerebrosterol
may potentially be used as a peripheral indicator of neu-
ronal degeneration and potential state marker for AD.?
Moreover, cerebrosterol can significantly activate LXRa
and LXRB, two orphan members of the nuclear receptor
superfamily, and play a critical role in the regulation of
cholesterol homeostasis. The activated LXRs form a per-
missive heterodimer with the 9-cis-retinoic acid receptor
RXR and then regulate the transcriptional expression of
their target genes, such as CYP7A,* SREBP-1¢5,°
ABCB1,%¢ ABCG1,% ABCGS/ABCGS,% ApoE,’
CETP,® LPI?, etc. Thus, the cerebrosterol may be a po-
tential drug for treatment for atherosclerosis.
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The early synthesis of cerebrosterol relied on resolu-
tion via either recrystallization or chromatography of a
mixture of 24R- and 24 S-hydroxycholesterol benzoate .
Recently, several examples were reported of the stereose-
lective introduction of 24S-hydroxy group into the side
chain of cholesterol.!! Most of them took long steps to
construct the side chain of cerebrosterol by using stigmas-
terol'®'!1P ag starting material, or cholest-25-en-24-one''®
and desmosterol'*'!f as the intermediates. Although in
1995, Okamoto et al .!'¥ utilized steroidal 3-silylated 24-
aldehyde obtained from 33-hydroxy-A’-cholenic acid to
react with diisopropylzinc using (1R,2S)-( + )2-(N,
N-di- n-butylamino ) -1-phenylpropan-1-ol [( + )-DBNE]
as a chiral ligand to give 38-acetoxy cerebrosterol in 63 %
yield with 87% de, the result is not very satisfactory.
Furthermore, to prepare 24-aldehyde from 3j3-hydroxy-
AN’~cholenic acid, which was obtained from 33-hydroxy-
A’-pregnene-20-one, required lots of steps.’? Since
methyl hyodeoxycholanate (Me-HDCA, 2) is very cheap
and readily available in China and can be efficiently con-
verted to steroidal 3a, 6a-bismethoxylmethyl ether 24-
aldehyde (3)," it is used to directly construct the side -
chain of cerebrosterol via the asymmetric isopropylation of
3. Moreover, the two retained alkoxyl groups at the C-3
and C-6 positions in steroidal 24-aldehyde 3 may facilitate
the addition of diisopropylzinc because it was reported that
1a, 3B-bisilylated cholenic aldehyde reacted with diiso-
propylzinc catalyzed by chiral (-amino alcohol ligand
( + )-DBNE to afford the isopropylated adduct in a much
higher yield than 3 8-silylated cholenic aldehyde. 114 More-
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over, the 3a, 6a-bismethoxylmethyl ether group in the
steroidal 24-aldehyd 3 can be easily converted to the A’-
33-ol moiety™ after it is isopropylated. So we select Me-
HDCA as the starting material to synthesize cerebrosterol
(1).

The practically synthetic route to cerebrosterol is
outlined in Scheme 1. The key intermediate, steroidal
3a, 6a-bismethoxylmethyl ether 24-aldehyde (3), was
prepared efficiently from Me-HDCA in 85.5% overall
yield for three steps according to our previous work.!!f
With the steroidal aldehyde 3 in hand, our attention was

Scheme 1

turned to asymmetric isopropylation of the steroidal 24-
aldehyde. Very recently, Yang and Cho' reported that
the enantionselective addition of diisopropylzinc to alkyl
and aryl aldéhyde catalyzed by a ¥-dialkylamino alcohol,
1, 2-0-isopropylidene-5-deoxy-5-morproliné- a-D-xylofu-
tanose (8), which is easily .available from a-D-xyloxe,
with very high enantiomeric excess and yield. We applied
this novel ligand for the asymmetric addition of the
steroidal aldehyde 3 with diisopropylzinc. Thus 3 was iso-
propylated with 20 mol% chiral ligand 8 in toluene at 0
C for 4 h. As expected, the reaction proceeded smoothly

OAc

4,

l/,l'

Reagents and conditions: a) ‘Pr,Zn, ligand 8, toluene, 0 C, 85%,de >99.9%; b) Ac,0, Py, 9%; c) PPTs, ‘BuOH, reflux,
88%; d) TsCl, Py, quant. ; e) KOAc, DMF, reflux, then KOH, MeOH, reflux, 83%.
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to provide the 24S-hydroxy product in 85% yield and
>99.9% de® The high yield and de may be owing to
the special structure of steroidal aldehyde 3 or the novel
ligand or both. Acetylation of 4 with acetic anhydride in
the presence of pyridine gave the acetate § in 9% yield,
then removal of 3a ,6a-dihydroxy protective groups by re-
fluxing with PPTS in ‘BuOH afforded the 3a, 6a-dihy-
droxy cholesterol (6) in 88% yield. Ditosylation of 6
with p-toluene sulfonyl chloride in pyridine at 0 °C pro-
vided quantitatively the ditosylate 7 which was treated
with potassium acetate in DMF-water at 105 °C™3 followed
by hydrolysis of the ester with potassium hydroxide in
methanol to give the target molecule cerebrosterol (1) in
83% vyield.'

The advantages of this synthesis of cerebrosterol are
the easy availability of starting material (Me-HDCA) and
a short route with high diastereoselectivity ( > 99.9%
de).
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